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Background:  Asthma and obesity are becoming increasingly common among children. Such 
conditions are known to negatively affect both cardiac autonomic function and oxidative 
stress. We therefore investigated the heart rate variability (HRV) and oxidative 
(malondialdehyde, MDA) response to exercise within a high humidity environment (~65%) 
in obese and lightweight asthmatic children.  
Methods: Forty-two children participated in this study and were categorized into four groups: 
obese asthmatic (OA, n = 10), obese non-asthmatic (ONA, n = 15), lightweight asthmatic 
(LA, n = 10), and lightweight non-asthmatic (LNA, n = 7). Time-domain and nonlinear 
indices of HRV were assessed at rest, during, and immediately after exercise.  Further, saliva 
samples were collected immediately before and after exercise and analysed for the 
determination of MDA.  
Results: HRV significantly decreased during and after exercise compared to baseline (P < 
0.05) with short-term fractal scaling exponent (α1) for the LNA group significantly smaller 
than the OA group after exercise (P < 0.05). In contrast, the long-term fractal scaling 
exponent (α2) was greater after exercise compared to baseline and during exercise for all 
groups (P<0.05). MDA significantly decreased after exercise compared to baseline (P<0.05). 
We also found significant correlations after exercise between salivary levels of MDA with 
HRV components (i.e., RMSSD, SD1, and α2) in asthmatic groups (all P<0.05).  
Conclusions: Our findings showed that exercise in high humidity environment does not 
significantly differentiate the autonomic response among children with various conditions 
(i.e., obese, asthmatic and healthy). However, a significant relationship was found between 
HRV and MDA in asthmatic children after exercise, highlighting the inter-relationship 
between oxidative stress markers and autonomic function in asthmatic children.  
 










Chronic respiratory disease (CRD), including asthma and chronic obstructive pulmonary 
disease (COPD), represents a wide range of serious conditions which have a deleterious 
effect on health for millins of people worldwide 1, 2. Asthma and its exacerbations are 
characterized by airway edema, remodelling, hyper-responsiveness, shortness of breath, 
cough, chest tightness, and/or wheezing 3. The incidence of asthma is significantly greater in 
children, compared to adults, due in part to the irreversible impairments in lung function 
resulting from repeated and cumulative injury caused by various respiratory infections (e.g., 
rhinovirus, respiratory syncytial virus, etc.)4. Therefore, effective management programs to 
improve health for those children suffering for early-life asthma are important.  
While asthma is a common condition during childhood 5, obesity incidence among children 
has also been increasing with prevalence rates in some countries reaching >30%6. Obesity 
incidence has been suggested to be linked to asthma incidence in children5, with obesity-
induced, abnormal circulating inflammatory and oxidative stress markers being potentially 
associated with chest restriction and air-way narrowing5. The relationship between obesity 
and asthma remains a crucial topic for clinicians and researchers that warrants further 
investigations. A greater understanding of these relationships and the factors that influence 
them, including treatment regimes, will enable greater management and health care for obese 
and asthmatic children. 
The first line of treatment for paediatric obesity is a family-based intervention that involves a 
combination of lifestyle strategies to reduce energy intake, increase physical activity and 
reduce sedentary activities6. Regular exercise can also assist children by reducing the 
incidence and/or severity of asthma7. However, acute exercise, and particularly vigorous 
exercise, can induce asthmatic symptomology (i.e. exercise-induced asthma, EIA) such as 
intermittent narrowing of the airways, chest tightness, cough, wheezing, and dyspnea 8. 
Additionally, the local environment has also been reported as a factor that may influence EIA 
response 9. Environmental triggers such as temperature and humidity have been reported to 
impact on water and heat loss through the airways 10 that need to be considered for EIA 
responses. Consequently, vigorous exercise, particularly in hot and dry environments, has not 
been recommended for children with asthma, despite its potential beneficial effects on health 
11. Together, very little information is available regarding the effects of acute progressive 
exercise and high-humidity on physical performance among asthmatic and/or obese and non-
obese (lightweight) children. Given the benefits of regular exercise for the management of 
asthma and obesity 12, it is important to consider the effect of environmental conditions on 
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exercise responses in children with these conditions, and the mechanisms responsible for 
such changes. 
Alterations in oxidative stress and antioxidant responses, and cardiac autonomic activity have 
been reported as important mechanisms that contribute to the enhanced long-term 
management of health and chronic conditions/diseases13. Previously, regular, moderate 
exercise training was reported to be beneficial for overall oxidative stress levels and general 
health11. In contrast, acute exercise has been reported to increase oxidative stress via 
erythrocyte malondialdehyde (MDA)14. Similarly, acute exercise has been shown to reduce 
cardiac autonomic function with supramaximal exercise suppressing cardiac autonomic 
function as indicated by heart rate variability (HRV) measurements15. While exercise-induced 
changes in oxidative stress and cardiac autonomic activity are common11, the degree of 
change for children with asthma and/or obesity may be crucial for long-term health 
management. Developing a greater understanding of the mechanisms responsible for acute 
exercise responses for obese and asthmatic children may elucidate the benefits of exercise for 
children with asthma and/or obesity and assist in the development of lifestyle regimes for 
enhanced health management.  
The present study aimed to examine the acute effects of exercise within a high-humidity 
environment (~65%) on HRV and salivary oxidative stress in asthmatic children with high 
(obese) or low (lightweight) body mass index (BMI) values. We also sought to investigate the 
potential relationship between HRV and oxidative markers between groups since previous 
studies have reported significant association between oxidative stress/anti-oxidant markers 
and HRV indices in various populations13, 16, 17. It was hypothesized that HRV and oxidative 
values would be lower and higher, respectively, in obese and asthmatic children in 
comparison to lightweight and non-asthmatic children.  
 
Materials and methods 
Study design 
This study involved examination of participants during rest (Pre), a progressive aerobic, cycle 
test (Ex) and a brief, post-exercise (Post) period. All recordings were conducted within 
environmental conditions of 22±2°C and 65±5% relative humidity, both of which were 
maintained at desired levels using a humidifier and air-conditioning system. All exercise tests 
were conducted in the morning, between 8:00 and 12:00 after an overnight fast. To ensure 
standardized testing conditions, participants also abided by the following conditions prior to 
each test: 1) no participation in intense physical activity within the 4 hours before testing, 2) 
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no use of long-acting bronchodilator medications for the 24 hours before testing; 3) no use of 
short-acting bronchodilator medications for the 8 hours before testing. This study was 
approved by the Faculty of Physical Education and Sports Sciences Ethical Research 
Committee of the University of Mazandaran (IR.UMZ.REC.1398.005), with all participants 
and their parents providing informed written consent prior to participation. It should be noted 
that data reported in the manuscript were part of a larger data set18 with the current 
manuscript reporting on a separate and distinct aim.  
 
Participant’s classification and inclusion and exclusion criteria 
A convenient group of 42male children were recruited with the help of education department 
of Babolsar city and then were categorized into four groups as follows: obese asthmatic (OA, 
n=10), obese non-asthmatic (ONA, n=15), lightweight asthmatic (LA, n=10), and lightweight 
non-asthmatic (LNA, n=7). The inclusion of non-asthmatic and non-obese/lightweight 
children ensured that the contributions of these body types and disease conditions, alone or in 
combination, on acute exercise responses could be examined in the current study.  The 
demographic characteristics of participants are shown in Table 1. The following criteria were 
considered for participation in this study: 1) BMI greater than 25 kg/m2 for obese 
participants; 2) a BMI less than 18.5 kg/m2 for lightweight participants; 3) no regular physical 
activities undertaken during the past three months; 4) no regular intake of antioxidant 
supplements; 5) no hospitalization within the past 2 months prior to the study; and 6) no 
history of lung infection or any other chronic condition or risk factor (e.g. diabetes, high 
blood pressure, etc) within the past month. 
 
Please insert Table 1 about here 
 
Body composition and HRV measurements 
Body composition was assessed using a reliable and validated bioelectrical impedance 
analyzer (X-Scan Plus II, Jawon Medical Company, Korea). Participants rested for 10 
minutes before removing their outer clothing (coats, sweaters, shoes, and socks) and then 
stood on the analyzer while holding the hand electrodes. Body composition (i.e. body fat 
percentage) was determined with the participant’s arms not touching their torso. Heart rate 
(HR) and RR intervals were recorded via a standard 6-lead ECG (PADSY MEDSET Holter, 
Hamburg, Germany) at rest following a 5-minute HR stabilization period, during exercise, 
and immediately after exercise (all within a seated position). For HRV assessments, R-R 
6 
intervals were analyzed from 1-minute recordings with investigators (MA, KR) visually 
inspecting all R-R intervals for any premature beats and artifact/noise. One-minute recordings 
have been reported to be valid and reliable for the assessment of HRV in a range of 
population including children2, 19-21. All R-R intervals were exported from the ECG via the 
manufacturer’s software (Medset, Hamburg, Germany) for later analysis by customized 
software (Kubios HRV software, version 2.1, Department of Applied Physics, University of 
Eastern Finland, Kuopio, Finland). Parameters examined included time domain variables (i.e. 
standard deviation of normal RR intervals, SDNN; root mean square of successive 
differences, RMSSD), and nonlinear measures (i.e. standard deviation of the instantaneous 
beat-to-beat RR interval variability or minor axis of the Poincare plot, SD1; the standard 
deviation of continuous long-term RR interval variability or major axis of the Poincare plot, 
SD2; short-term (α1) and long-term (α2) fractal scaling exponents) as previously described22, 
23.  
 
Progressive exercise protocol  
The progressive exercise protocol was performed on a pre-calibrated cycle ergometer 
(LODE, Groningen, Netherland). Participants commenced cycling at a workload of 0 watts 
(cadence of 50 revolutions per minute, rpm) for 2 minutes followed by a workload of 60 
watts for 2 minutes that was then increased by 10 watts every 2 minutes until volitional 
exhaustion. During recovery, participants cycled at 0 watts for 5 minutes. The exercise test 
was terminated when participants failed to maintain the target cycling frequency for 15 s 24. 
No participants showed any signs of an asthama attack or respiratory discomfort during or 
following the exercise test. Participants were also provided with refreshments (snacks and 
bottled water) following all assessments to avoid any potential hypoglycemia since 
particpants were perfoming the exercise test after an overnight fasting.   
 
Salivary oxidative stress  
Saliva samples were collected immediately before (Pre-Ex) and after (Post-Ex) the 
progressive aerobic exercise protocol. After sufficient gargling with mineral water, 
participants chewed upon paraffin film to stimulate saliva secretion with 5 mL samples 
collected from each participant. Saliva samples were then centrifuged at 3,000 rpm for 10 
minutes with the supernatant then placed into tubes and stored at -80 C until analysis. All 
samples were analysed for the oxidative stress marker, MDA. The assessment of MDA was 
conducted according to the thiobarbituric acid method described elsewhere25. The assessment 
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of oxidative stress via saliva samples has been reported to be reliable and comparable to 
blood analyses in adults and children26. 
 
Statistical analysis 
All data are expressed as mean ± SD with missing data replaced by the calculated group 
mean.  We analyzed the overall effect of exercise on HRV and MDA via two-way ANOVA 
(time x group) and Tukey’s post-hoc tests. Significant relationships between HRV and MDA 
for each group were examined via Spearman rank correlation coefficients. Statistical 
significance was set at p<0.05. All analyses were conducted using the Statistical Package for 




In all groups, α1 was lower at Ex compared with Pre and Post. In addition, α1 at Post was 
lower for the LNA than for the OA group (p≤0.05 for time vs. group interaction, Table 2). 
Apart from that, there was a significant main effect of time for SDNN, RMSSD, SD1, SD2 
and α2 (p<0.05, Table 2). SDNN and SD2 were lower at Ex compared with Pre and Post 
(p<0.05), and at Post compared with Pre (p<0.05). In addition, RMSSD and SD1 were lower 
at Ex and Post compared with Pre (p<0.05), and α2 was greater at Post compared with Pre 
and Ex (p<0.05). Regarding oxidative stress, a significant main effect of time was noted for 
MDA with greater values at Pre compared to Post (p<0.05, Figure 1).  
Please insert Table 2 and figure 1 about here. 
Correlations 
For the OA group, MDA at Post-Ex was significantly correlated with RMSSD and SD1 at 
Post (ρ=0.736 and 0.736, respectively, p<0.05).  For the LA group, MDA at Post-Ex was 
significantly correlated with α2 at Post (ρ=0.676, p<0.05). There were no other significant 




The purpose of the current study was to investigate the acute effect of incremental exercise 
within a high-humidity environment (~65%) on HRV and MDA, a salivary oxidative stress 
marker in obese and lightweight asthmatic children, and identify possible relationships 
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between variables. To our knowledge, no study to date has investigated HRV and oxidative 
stress responses simultaneously following exercise in a high-humidity environment among 
children with various conditions (i.e., obese, asthmatic, and healthy). We found a negligible 
difference for HRV between asthmatic and healthy children. A significant relationship, 
however, was observed between HRV and MDA in asthmatic children, indicating the 
potential role of oxidative stress status and cardiac autonomic function alike among asthmatic 
children.  
Our findings demonstrated that HRV parameters (SDNN, RMSSD, SD1, SD2, and α1) 
significantly declined during and after exercise compared to Pre-Ex, except for α2, which 
significantly increased at Post-Ex compared to Pre-Ex and Ex. These findings are in line with 
a previous study that reported a significant decrease in HRV during and following various 
exercise bouts (i.e. aerobic and resistance)27. This HRV reduction during progressive exercise 
and immediate recovery represents the well-known withdrawal of parasympathetic activity, 
which is regulated by central (i.e., central command) and peripheral (cardiac and arterial 
baroreflexes, muscle afferents) mechanisms; and also by a likely increase in sympathetic 
activity which is usually observed during exercise of moderate to high intensities28. 
While typical acute, exercise-induced changes in HRV were identified, significant differences 
in post-exercise HRV were noted between groups with α1 values significantly greater for OA 
compared to LNA. The association of obesity with HRV has not been consistently reported 
with studies predominantly looking at various subgroups and different obesity parameters 29. 
Recent studies have reported decreased HRV during stressful conditions with the greatest 
HRV attenuation observed in obese participants 29. One previous study also reported that both 
resting sympathetic and parasympathetic activities were reduced in obese compared to 
healthy children30. More specifically, Vanderlei et al reported that obese children exhibited a 
reduced α1 that was associated with a reduction in both sympathetic and parasympathetic 
modulations 31. The higher values of α1 within the current study were inconsistent with 
previous studies of obese children (i.e., decreased)29, 31. Further, the α1 values were only 
greater for OA compared to LNA, indicating the potential modulatory effect of asthma on 
obesity-induced reduction in ANS activity. Gupta et al  reported greater central vagal outflow 
with a concomitant lower central sympathetic efferent for asymptomatic asthmatic patients 
compared to a healthy group32. This parasympathetic dominance was suggested as a potential 
mechanism for airway constriction, the hallmark of bronchial asthma32. Widdicombe  
reported that the cholinergic motor component of the parasympathetic nervous system 
supplied several structures which may be important in determining the resistance of normal 
9 
and diseased airways including 1) lower airway smooth muscle, 2) mucus secretion, (3) sub-
mucosal tissues, (4) the larynx, and (5) the nose33. However, we are cautious in stating that 
asthma per se was responsible for the higher values of α1 and higher parasympathetic activity 
and/or lower sympathetic activity in the current study, since there was no similar α1 increase 
for LA participants. Potentially the combination of obesity and asthma conditions may have 
triggered unknown mechanisms for the HRV changes that require further investigation of 
ANS activity in obese asthmatic patients.  
It is worth mentioning that α1 values below 0.85 have been associated with an increase in 
mortality rate34, especially in those with cardiovascular disease35. Although there were no 
values below 0.85 for α1 at rest and following exercise for all groups, we found lower values 
during exercise (Table 2), suggesting a significant loss of fractal dynamics during exercise in 
high-humidity. This loss exemplifies a potential cardiac risk for children performing 
incremental exercise in high-humidity. However, all groups had similar responses 
highlighting the minimal impact of obesity and asthma presence on exercise autonomic 
modulation response. The significance of a loss of fractal scaling in children during exercise 
remains to be investigated especially in those that may be more susceptible to cardiovascular 
events (i.e., obese and asthmatic)31. 
Our findings showed that MDA levels were significantly decreased at Post-Ex compared to 
Pre-Ex in all groups. This finding was supported by previous human and animal studies. A 
reduction in MDA levels have been reported following acute walking and combined exercise 
(i.e., walking and resistance training)36 and after acute exhaustive swimming exercise37. The 
lower MDA levels following acute exercise could be a result of increased lipid 
lipoperoxidation during exercise, which in turn elicits a greater production of antioxidant 
enzymes38. It is, therefore, plausible that this greater antioxidant production may shift the 
oxidative balance towards greater antioxidation after acute exercise38. Moreover, it has been 
reported that the reduced MDA levels post-exercise may be associated with detoxification of 
reactive oxygen species, resulting in a reduction of nitric oxide degradation and subsequent 
augmentation of plasma nitrite levels39. This explanation, however, could not be substantiated 
within the presented study as nitrite oxide production was not assessed. Consequently, future 
studies should consider this potential relationship (i.e., lower MDA level and higher nitrite 
oxide) when examining the MDA response to acute exercise. 
It should be noted that notwithstanding the reduction in MDA Post-Ex, no significant 
difference was noted between groups at either Pre or Post-Ex. This finding is inconsistent 
with previous studies that reported the presence of greater oxidative stress markers in obese40 
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and asthmatic41 children compared to heathy counterparts. This discrepancy could be 
attributed to different samples used for measuring oxidative stress markers (i.e., blood vs. 
saliva). All of the aforementioned studies measured oxidative stress markers in blood samples 
whilst in the present study, salivary samples were examined. Previous studies have reported 
different oxidative stress results within saliva and blood samples41. In the present study, the 
MDA level was not assessed in blood with future studuies encouraged to assess oxidative 
strees markers in both blood and plasma to confirm the current results in obese asthamitc and 
healthy children. 
We found significant positive correlations between salivary levels of MDA at Post-Ex with 
Post HRV components (i.e., RMSSD, SD1, and α2) in asthmatic groups, highlighting the 
inter-relationship between oxidative stress markers and autonomic function in asthmatic 
children. These findings, however, were inconsistent with previous studies that reported a 
significant negative correlation between cardiac autonomic function and 
oxidative/inflammatory markers17. An explanation for the discrepancy was not apparent with 
future studies encouraged to consider further the relationships between oxidative stress and 
HRV in response to various exercise modalities within high-humidity environments and 
confirm the current results among asthmatic children.  
 
Conclusions 
Our findings suggest that exercise in high-humidity may induce minor differences among 
asthmatic and healthy children regarding their cardiac autonomic function (HRV), with no 
difference between groups for oxidative stress activity (i.e., MDA). Furthermore, our findings 
showed significant relationships between oxidative stress and cardiac autonomic function 
following exercise in asthmatic groups, indicating the potential role of asthma on the 
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Age (yrs) 11.4 ± 0.7 11.2 ± 0.7 12.8 ± 0.8 12.5 ± 1.2 
Height (cm) 158.0 ± 7.5 158.6 ± 6.6 145.0 ± 5.6 148.6 ± 5.9 
Weight (kg) 63.4 ± 11.3 68.1± 10.3 35.5 ± 4.4*† 37.1 ± 8.8*† 
Body Fat (%) 29.9 ± 3.0 31.5 ± 2.7 16.2 ± 5.9*† 13.4 ± 5.4*† 
BMI (kg/m2) 25.1 ± 2.4 26.8 ± 2.3 16.7 ± 1.7*† 16.9 ± 2*† 
Data are expressed as mean ± SD. BMI – body mass index, OA – obese asthmatic, ONA – obese non-asthmatic, 
LA – lightweight asthmatic, LNA – lightweight non-asthmatic; *p<0.05 vs. OA; †p<0.05 vs. ONA 
15 
















49.7 ± 19.6 
8.3 ± 1.9 
29.2 ± 16.3 
 
44.1 ± 32.2 
7.0 ± 2.6 
25.1 ± 13.2 
 
41.9 ± 18.6 
16.0 ± 14.2 
26.7 ± 12.1 
 
48.6 ± 15.7 
12.0 ± 7.3 
17.4 ± 6.5 
 







41.3 ± 25.1 
10.3 ± 3.9 
15.0 ± 6.1 
 
31.8 ± 31.3 
8.2 ± 3.6 
12.4 ± 6.9 
 
28.9 ± 18.1 
17.3 ± 10.0 
11.5 ± 5.3 
 
32.6 ± 9.1 
17.2 ± 12.7 
14.6 ± 8.4 
 







30.3 ± 17.8  
7.8 ± 2.6 
10.6 ± 4.3 
 
22.6 ± 22.3 
5.8 ± 2.6 
10.2 ± 8.2 
 
20.6 ± 12.9 
12.2 ± 7.1 
10.3 ± 7.8 
 
23.2 ± 6.5 
10.8 ± 6.4 
10.4 ± 5.9 
 







63.3 ± 22.5 
8.8 ± 1.9 
43.8 ± 22.2 
 
55.1 ± 41.5 
7.8 ± 3.2 
33.1 ± 18.5 
 
55.3 ± 23.9 
18.8 ± 19.5 
35.6 ± 16.8 
 
63.1 ± 20.2 
11.5 ± 5.9 
23.9 ± 7.4 
 







1.13 ± 0.26 
0.43 ± 0.12a 
1.29 ± 0.34b 
 
1.32 ± 0.28 
0.44 ± 0.13a 
1.25 ± 0.43b 
 
1.26 ± 0.27 
0.50 ± 0.26a 
1.11 ± 0.31b 
 
1.39 ± 0.27 
0.44 ± 0.30a 
0.82 ± 0.50a‡ 
 







0.74 ± 0.32 
0.99 ± 0.34 
1.21 ± 0.30 
 
0.70 ± 0.22 
1.01 ± 0.30 
1.08 ± 0.30 
 
0.92 ± 0.32 
0.88 ± 0.29 
1.11 ± 0.35 
 
0.80 ± 0.32 
0.68 ± 0.22 
1.03 ± 0.36 
 
Pre-Ex, Ex < Post-Ex*** 
 
Data are expressed as mean ± SD. OA – obese asthmatic, ONA – obese non-asthmatic, LA – lightweight 
asthmatic, LNA – lightweight non-asthmatic, SDNN – standard deviation of normal RR intervals,  RMSSD – 
root mean square of successive RR intervals differences, SD1 – standard deviation of the instantaneous beat-to-
beat RR interval variability or minor axis of the Poincare plot,  SD2 – the standard deviation of continuous long-
term RR interval variability or major axis of the Poincare plot, MDA – malondialdehyde; Pre-Ex – pre exercise; 














Figure 1. Malondialdehyde values for all groups at baseline, during, and after exercise. MDA, 
Malondialdehyde. *p<0.05 main effect for time vs. Pre-exercise.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
